ABSTRACT Comparisons were made among Panstrongylus megistus (Burmeister) from three areas of Brazil (Bahia, Minas Gerais, and Santa Catarina), where populations differ with regard to their degree of association with human dwellings. The following characters were studied: morphology of the eggs and the male genitalia; morphometry of the head and thorax; isoenzyme proÞle; enzymatic activity of the ϰ-glycerophosphate dehydrogenase (ϰ-GPDH); and cytogenetics. In general, differences were observed in the weight, diameter, and length of the egg among Bahia, Minas Gerais, and Santa Catarina populations. Differences were not observed in the architecture of the egg exochorion. The size of the median process of the pygophore of the male genitalia of individuals from Bahia differed from the other two populations. The Minas Gerais population presented the largest number of denticles in the endosome process. The morphometry of the head and thorax differentiated Santa Catarina from the Bahia and Minas Gerais populations. Phosphoglucomutase (EC 5.4.2.2., PGM) was the only enzyme out of 11 that showed polymorphism; the population from Minas Gerais was most polymorphic, whereas the population from Santa Catarina was monomorphic. Study of the ϰ-GPDH activity and cytogenetics did not reveal differences among the three populations. Analysis of all the characters studied together with information on these three populations from previous publications allowed a phenogram to be constructed. Two distinct groups were evident, one represented by Santa Catarina and the other by Bahia and Minas Gerais. Considering the greater variability of the Minas Gerais and Bahia populations, we propose the inclusion of these states within the area of origin of P. megistus.
FOLLOWING THE ELIMINATION of domestic populations of
Triatoma infestans (Klug) (Hemiptera, Reduviidae, Triatominae) from Brazil by the ChagasÕ Disease Control Program (SchoÞeld and Dias 1999), Panstrongylus megistus (Burmeister) is now considered to be the main vector of Trypanosoma cruzi (Chagas) in the central, eastern, and southeastern regions of the country. According to Forattini (1980) , P. megistus originally was associated with the Brazilian Atlantic phytogeographic region, which formerly extended westward to include pockets of humid forest. This species is now distributed from NE Brazil to the southern region, including the states of Alagoas, Bahia, Ceará, Espṍrito Santo, Goiás, Maranhão, Minas Gerais, Pará, Paraṍba, Paraná, Pernambuco, Piauṍ, Rio de Janeiro, Rio Grande do Norte, Santa Catarina, São Paulo, and Sergipe. Outside of Brazil, it has been found in Argentina, Paraguay, Uruguay, and Bolṍvia (SchoÞeld 1994 , Carcavallo et al. 1998 (Fig. 1) .
This species shows considerable geographical variation in its behavior. In Bahia, it is well adapted to living in houses and peridomestic habitats and has not been found at sylvatic foci. In contrast, in the southeastern states, it can be found in sylvatic and domestic habitats, whereas in the south, it is predominantly sylvatic (Pessoa 1962 , Forattini 1980 , SchoÞeld 1994 . In São Paulo, Forattini et al. (1978) showed that P. megistus from sylvatic habitats had a high capacity for colonizing artiÞcial ecotopes in areas of savanna (campo-cerrado) and, to a lesser extent, in the coastal mountains (Serra do Mar). According to Forattini et al. (1978) , this variation in colonizing capacity could be linked to climatic differences, being evident where the climate shows two marked seasons, dry winter and wet summer (Aragão 1961) . Pessoa (1962) proposed a genetic hypothesis to explain the apparent behavioral differences in P. megistus, suggesting the existence of two ecological subspecies, one sylvatic and the other adapted to human ecotopes. This idea was not supported by comparison of different populations using isoenzymes of thoracic muscles (Dó rea et al. 1982) , but variation in the eletrophoretic pattern of salivary proteins was found . This indicated that additional studies should elucidate the differences in P. megistus behavior.
The objective of our study was to characterize three populations of P. megistus from different geographical areas of Brazil, where the behavior of the species is different. Morphological and biochemical systematic techniques were used to detect possible variations that could be correlated with these behavioral differences.
Materials and Methods

Biological Materials and Laboratory Conditions.
Laboratory colonies of P. megistus were established from the following localities: Campo Formoso, Bahia State (10Њ 30ЈS; 40Њ 20ЈW), where the species has colonized human dwellings and peridomestic habitats (BA population); Belo Horizonte, Minas Gerais State (20Њ 0ЈS; 44Њ 0ЈW), where the insects were collected in a single house (MG population); and Florianó polis, Santa Catarina State (27Њ 30ЈS; 48Њ 30ЈW), where a colony was established from a single sylvatic female that had ßown into a peridomestic habitat (SC population) . These localities were roughly equidistant along a northÐsouth transect through the distribution of P. megistus in central Brazil.
Insects were maintained in an insectary at 27 Ϯ 2ЊC and 60 to 70% RH. The F1 (Bahia and Minas Gerais) or F3 (Santa Catarina) generations of the laboratory colonies were used in the analyses.
Eggs Morphology. Thirty recently laid eggs from each population were weighed individually on a precision balance (BP 210S, Goettingen, Germany) and measured along the tangent lines of greatest length and diameter using a stereoscopic microscope (Wild M4A, Heerbrugg, Switzerland) with a magniÞcation of 125ϫ. The surfaces of eggs of each population (three at the embryo stage and three egg shells) were examined by scanning electron microscopy (SEM) (DSM 950, Gena, Germany). Dried eggs or whole shells without previous preparation were glued to the microscopy support, sputtered with gold, and observed with a Zeiss SEM (DSM 950, Gena, Germany).
Morphology of the Genitalia. The genitalia of 30 males from each population were dissected and mounted on slides according to the procedures of Jurberg (1977) . Each preparation was used to examine the parameres, median process of the pygophore, phallus, and associated structures, using a Wild microscope (Wild Heerbrugg, Switzerland) (315ϫ magniÞcation).
Head and Thorax Morphometry. Thirty males and 30 females from each population chosen were selected for head and thoracic measurements according to Casini et al. (1995) . The following measures were made of each specimen by the same investigator using a monocular micrometer at 125ϫ magniÞcation (Wild M4A, Heerbrugg, Switzerland): inner distance between eyes; inner distance between ocellae; head length (excluding neck); width of the collar; width at the intersection of the fore and median lobes; width between humerus; and length of the thorax (excluding the scutellum). The measurements were log-transformed and submitted to Principal Component Analysis (SAS Institute 1995).
Cytogenetic Studies. Gonads (testes) from three males from each population were Þxed in ethanolacetic acid (3:1), softened in a 45% aqueous solution of acetic acid, and then examined by lacto-acetic orcein squashes for meiotic descriptions (Pé rez et al. 1992 , Panzera et al. 1995 and by the C-banding technique of Sumner (1972) .
Enzyme Electrophoresis and ؔ-GPDH Activity. The thoracic muscles from six males and six females of each population were dissected, homogenized with 180 l of enzyme stabilizer (2.0 mM dithiotreitol, 2.0 mM aminocaproic acid, and 2.0 mM EDTA) and centrifuged at 14,800g at 4ЊC. Pelleted material then was stored in liquid nitrogen until prepared for isoenzyme electrophoresis. Starch gel isoenzyme electrophoresis followed the general procedure of Dujardin and Tibayrenc (1985) , with enzyme staining according to Abderrazak et al. (1993) . Thirteen enzyme systems were examined: alanine aminotransferase (EC 2.6.1.2., ALAT); aspartate aminotransferase (EC 2.6.1.1., ASAT); glucose-6-phosphate dehydrogenase (EC 1.1.1.49., G6PD); glucose phosphate isomerase (EC 5.3.1.9., GPI); isocitrate dehydrogenase (EC 1.1.1.42., IDH); lactate dehydrogenase (EC 1.1.1.28., LDH); malate dehydrogenase (EC 1.1.1.37., MDH); malic enzyme (EC 1.1.1.40., ME); mannose phosphate dehydrogenase (EC 5.3.1.8., MPI); peptidase 2 (EC 3.4.13., PEP-2, substrate leucyl-L-alanine); phosphoglucomutase (EC 5.4.2.2., PGM); 6-phosphogluconate dehydrogenase (EC 1.1.1.44., 6PGD); and ϰ-glycerophosphate dehydrogenase (EC 1.1.1.8., ϰ-GPDH).
The activity of ϰ-GPDH was assayed by spectrophotometry at 25ЊC by following the production of NADH at 340 nm. The reaction mixture contained 5 mM ϰ-glycerophosphate and 4 mM NAD in 100 mM glycine/NaOH buffer at pH 10.2. One unit of enzyme activity was deÞned as 1 mmol NAD ϩ reduced/min at 25ЊC and pH 10.2, using the molar absorption of NADH at 340 nm as 6.22 ϫ 10 3 (Chambers et al. 1985) . Protein concentrations were determined as described by Bradford (1976) , using bovine serum albumin as a standard. The speciÞc activity is given in units/mg of protein in muscle extracts.
Numerical Taxonomy. In addition to the characters measured here, the electrophoretic proÞle of the saliva ) and biological parameters (Barbosa et al. 2001 ) also were included in the analysis. For the three populations of P. megistus, the phenetic study used characters that were continuous based on quantitative measurements or discrete based on presenceÐabsence data. Sixteen characters were coded as a 0 Ð1 system, as follows: (1) uals; 1. present in Ͼ60% of the individuals; (7) proÞle B for PGM: 0 absent; 1 present; (8) band of 20 kDa for the electrophoretic proÞle of the saliva : 0. present in Ͻ50% of the individuals; 1. present in Ͼ50% of the individuals; (9) band of 23 kDa for the electrophoretic proÞle of the saliva : 0. absent; 1. present; (10) average nymphal development time in days (Þrst instarÐadult) (Barbosa et al. 2001) : 0. Յ180; 1. Ն181; (11) sum of the mean number of blood meals during nymphal development (ÞrstÐÞfth) (Barbosa et al. 2001) : 0. Յ15; 1. Ն16. (12) sum of the mean number of defecations immediately after the blood meals during nymphal development (Barbosa et al. 2001) : 0. Յ7; 1. Ն8; Log value of the morphometry: (13) head of males and females, using principle component 1: 0. positive; 1. negative; (14) head and thorax of males and females using principle component 1: 0. positive; 1. negative; (15) head and thorax of females using principle component 2: 0. positive; 1. negative; and (16) head and thorax of males using principle component 2: 0. positive; 1. negative.
From these features, a taxon/character (T/C) matrix was constructed and a similarity index was calculated among all possible pairs of operating taxonomic units (OTUs) through the coefÞcient of association of Dice (2a/2aϩbϩc) (Dice 1945) . The phenogram of similarity coefÞcients was constructed by unweighted pair-group method with arithmetic average (Sneath and Sokal 1973) calculated using NTSYS (version 1.6, Rohls 1990). Bootstrap resampling from the similarity matrix was carried out to test the reliability of the groups obtained in the phenograms, using the program TREECON (version 1.2, Van der Peer and de Watcher 1994) (Efron and Gong 1983, Felsenstein 1985) .
Results
Egg Morphology. The Bahia population had significantly larger eggs (length and diameter) compared with the Minas Gerais and Santa Catarina populations least signiÞcant difference (LSD: P Ͻ 0.01); the latter two did not differ from each other (LSD: n.s.). The length/diameter (L/D) ratio did not differ signiÞ-cantly among populations (LSD: n.s.) ( Table 1) . The Bahia population also had the heaviest eggs, followed by those of Minas Gerais and Santa Catarina (LSD: P Ͻ 0.01). SEM showed no apparent differences in the morphology of the exochorion (Fig. 2) . Hexagonal cells characterized the exochorion of all eggs, although a few cells had 5, 7, 8, or (rarely) 9 sides. The surface of these cells was completely ßat and unornamented. The eggs also showed a visible lateral ßattening at both macro and microscopic levels.
Morphology of the Male Genitalia. No overt differences were observed in the parameres, phallosome support, phallosome, or vesica, which could be used to distinguish the three populations. However, variations were observed in the endosome and median processes of the pygophore. SigniÞcant differences in the numbers of denticles on the endosome process were observed between SC and MG populations (P Ͻ 0.01) and between MG and BA populations (P Ͻ 0.01), but not between SC and BA populations (P ϭ 0.86). The minimum number of denticles in this structure was 110, with a maximum of 340 observed in the MG population ( Fig. 3; Table 2 ). A difference also was observed between the length of the median process of the pygophore for BA and SC populations (P Ͻ 0.01), but not for SC and MG, or MG and BA populations (P Ͼ 0.05) ( Table 2) .
ؔ-GPD Activity. The enzymatic activity of ϰ-GPD was similar for the three populations. The means and standard deviations for the BA, MG, and SC populations were 2.84 Ϯ 1.46, 1.80 Ϯ 1.03, and 2.43 Ϯ 0.77 ϫ 10 Ϫ4 U/g, respectively, and these not different signiÞcantly (P Ͼ 0,05).
Head and Thorax Morphometry. For both sexes, principal component analysis (Table 3) revealed signiÞcant differences for the size of the heads (principal component 1) among the three populations (P Ͻ 0.01), but the shape of the head (principal component 2) did not contribute to the differentiation of males and females (P Ͼ 0.05). Analyzing head and thorax together (Table 4) , the three populations differed in size and shape for both sexes, with the SC population being most dissimilar (Fig. 4) .
Cytogenetics. No difference was observed among the karyotypes of the three populations studied, with males having 21 chromosomes (2n ϭ 18 ϩ X1 ϫ 2Y) and the females 22 (2n ϭ 18 ϩ X1 ϫ 1 ϫ 2 ϫ 2). C-heterochromatin banding was not observed on the autosomes or X chromosomes, but was present on the Y chromosomes.
Isoenzyme Analysis. We did not succeed in visualizing the ALAT and ASAT enzyme systems. Ten of the other 11 systems were monomorphic for all three populations, with either single (LDH, GPI, ME, MPI, and 6PGD), double (ICD, MDH, and G6PD), or triple bands (␣-GPD and PEP-2). Only PGM showed polymorphism, with two patterns denoted as A and B. Pattern A was observed in 100% of the SC population, 58% of MG, and 92% of BA. Pattern B was present in 42% of the MG population, and in 8% of the BA population (Fig. 5) .
Numerical Taxonomy. The states of the characteristics coded as 0 or 1 for the 16 parameters (OTUs) are shown in Table 5 . The association coefÞcient between each pair of OTUs was 0.571 for MG and BA, 0.375 for MG and SC, and 0.133 for BA and SC. Two groups of 
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Discussion
Among Brazilian triatomines, P. megistus presents the greatest capacity to adapt to the domestic environment (Forattini 1980) and currently is regarded as the main vector of T. cruzi in Brazil, except in the northeast region where Triatoma brasiliensis Neiva predominates (Silveira et al. 1984) . Costa et al. (1997b) did morphometric analysis of the eggs using SEM, through which they differentiated T. brasiliensis subspecies on the basis of size and exochorion ornamentation. In the current study, morphological differences were not observed among three populations, agreeing Barth and Muth (1958) and Lucena and Rego (1969) . However, it was possible to differentiate populations by their weight and morphometry; that is, the eggs of BA individuals were heavier and larger than the others, whereas the MG and SC populations were similar in these respects. Costa et al. (1997b) and Soares et al. (1999) were unable to distinguish T. brasiliensis and Rhodnius neglectus Lent populations, respectively, based on general and genital morphology. Pires et al. (1998) separated Brazilian and Bolivian populations of T. infestans using the number of denticles on the endosome process. These authors believed that such differences might be due to selection after passive dispersion of the species caused by human migrations. Our results demonstrated differences in the morphological patterns of two male genital structures (number of denticles of the endosome and size of the median process of pygophore), without a clear separation among populations, as was observed in T. infestans.
Fifty-one of the 54 triatomine species have 20 autosomes. The exceptions are T. rubrofasciata (De Geer) with 22 autosomes and T. nitida Usinger and P. megistus, both with 18 autosomes. In the genus Panstrongylus, both P. herreri Wygodzinsky and P. tupynambai Lent have 20 autosomes (Panzera et al. 1996) .
Originally from the Atlantic Forest (Forattini 1980) , P. megistus is an indigenous species widely distributed in Brazil. Therefore, a greater heterogeneity among its populations would be is expected when compared with T. infestans. The latter species, originally from Bolivia and passively introduced into Brazil as a result of human migrations, presents considerable genetic homogeneity. According to Pires et al. (1998) , this is probably due to the generation of several subpopulations as a result of geographical isolation.
Domestic populations of T. infestans in Uruguay show Ϸ40% reduction in total DNA compared with their Bolivian ancestors that is attributable to heterochromatin loss (Dujardin et al. 2000) . Mello et al. (1986) could not discriminate between wild and domestic P. megistus populations using cytogenetic analysis. In this study, we could not differentiate among populations through cytogenetics but were able to conÞrm the diploid number of autosomes and sexual chromosomes in P. megistus noted by Schreiber and Pellegrino (1950) and Schreiber et al. (1972) .
The invasion of human dwellings by triatomines may be related to their ßight capacity, which is an important factor in reinfestation after treatment. In different groups of insects, ßight activity is related to the enzyme ␣-GPDH (Machado and Contel, 1991 , Sullivan et al. 1983 , OÕBrien and MacIntyre, 1972 . According to Soares and Santoro (2000) , ␣-GPDH may play an important role in the physiology of the initial ßights of triatomines. These authors studied the ßight activity of T. sordida (Stal) and P. megistus under laboratory conditions and reported higher enzymatic activity for ßying than nonßying insects. Several authors have agreed that the polymorphism or high variability observed for this enzyme in some insects might be related to the degree of ßight activity (Zera, 1981 , Dujardin et al. 1988 , Pereira et al. 1996 . Because differences in enzymatic activity were not observed, no relationship between ␣-GPDH activity and house invasion behavior of the three populations was established in our study.
Morphometry revealed differences among the three populations. SC differed from MG and BA. MG and BA populations were closely related to each other despite presenting several signiÞcant differences. This result was in agreement with the geographical distribution of the populations, insect behavior in nature, and some biological parameters (Barbosa et al. 2001) .
Based on analysis of the main components, size was the parameter that best contributed to differentiation among the populations. Variation in shape was observed only for the thoracic measurements and did not support any of the taxonomic changes at genus or sub-species level proposed by Pessoa (1962) .
Isoenzyme analysis is an important tool in population genetic studies of the triatomines, allowing differentiation among subspecies (Costa et al. 1997a ) and populations from different areas (Dujardin and Tibayrenc 1985 , Pires et al. 1994 , Dujardin et al. 1987 . However, a previous study was unable to distinguish among three Brazilian populations of P. megistus (Dó rea et al. 1982 ). In the current study, PGM was the only polymorphic enzyme of the 11 examined. This is also polymorphic in other species such as T. infestans (Dujardin et al. 1987 , Pires et al. 1994 and T. brasiliensis (Costa et al. 1997a) , and seems to be a useful marker of intraspeciÞc variability in Triatominae. For P. megistus, the greatest variability was observed in the MG population (58% proÞle A and 42% proÞle B), compared with BA (92% proÞle A and 8% proÞle B) and SC populations (100% proÞle A). Considering that the MG and SC populations did not arise from different ecotopes (unlike BA, which derived from specimens collected in several houses), this small variability was to be expected. Our results reßected greater variability in the MG population as a whole. Forattini (1980) considered that the greatest genetical and biological potential occurs in endemic centers, where the genetic stock should be most variable (Pires et al. 1998) . Based on isoenzyme analysis, Minas Gerais probably lies within the original range of P. megistus, as proposed by Forattini et al. (1978) .
By studying each parameter separately, it was not possible to establish a correlation between biosystematic variables and behavioral differences observed among populations of P. megistus. When numerical taxonomic analysis was performed, two distinct clusters were apparent, one corresponding to the SC population and the other to MG ϩ BA. Similarity between the MG and BA populations was conÞrmed by the bootstrap test, where this grouping appeared in 78% of the resampled phenograms. This analysis includes Minas Gerais and the neighboring state of Bahia in the endemic center of P. megistus, beside the state of São Paulo, as proposed by Forattini et al. (1978) . According these authors, the species then spread across the original Atlantic Forest, reaching drier regions by way of outlying pockets of woodland.
